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(54) Vehicle clutch control device and control method of the same 



(57) A vehicle clutch control device comprises a 
clutch actuator (2B) P a clutch pedal (31), a stroke sensor 
(41), and an electronic control unit (ECU) (51). The 
stroke sensor (41 ) detects a pedal stroke, which Is a de- 
pression amount of the clutch pedal (31 ) by a driver. The 
ECU (51) controls the clutch actuator (28) based on the 
pedal stroke detected by the stroke sensor (41) without 
transmitting a movement of the clutch peda] (31) to the 
clutch actuator (28) via a transmission mechanism. 
Through this control, the clutch actuator (28) is actuated, 
a clutch (14) interposed between an engine (11) and a 
transmission (15) is connected or disconnected, and 
power transmission from the engine (11) to the trans- 
mission (15) is interrupted or resumed. 
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Description 

1. Field otthe Invention 

[0001] The invention relates to a device for controlling 
a clutch which is interposed between an engine and a 
transmission in a vehicle and which interrupts and 
resumes power transmission from the engine to the 
transmission, and a control method thereof. 

2. Description ol the Related Art 

[0002] In a vehicle equipped with a manual transmis- 
sion, a clutch, for interrupting and resuming power trans- 
mission from an engine to the manual transmission, is 
interposed between the engine and the manual trans- 
mission. For example, in the case of a diaphragm- 
spring-type clutch, when a driver does not operate a 
clutch operation member (i.e., does not depress a clutch 
pedal), a pressure plate is strongly pressed against a 
clutch disk by a diaphragm spring. This pressure gen- 
erates friction forces between the pressure plate and the 
clutch disk and between the dutch disk and a flywheel 
of the engine, respectively. Owing to these friction forc- 
es, the clutch enters a so-called connected (engaged) 
state, and power transmission from the engine to a man- 
ual transmission is conducted. 
[0003] Moreover, when the driver depresses the 
clutch pedal at the time of a shifting operation of the 
manual transmission, a force of the operation Is convert- 
ed to an oil pressure in a master cylinder and transmitted 
to a release cylinder of the clutch. A piston then moves 
within the release cylinder, and this movement Is trans- 
mitted to the diaphragm spring via a release fork and a 
release bearing. The diaphragm spring is elastically de- 
formed, and a force of the spring pressing the pressure 
plate is weakened. As a result, the above mentioned fric- 
tion forces decrease, the clutch disk moves away from 
the flywheel, the clutch enters a so-called disconnected 
state, and power transmission from the ongine to the 
manual transmission is discontinued. An operation load 
of the clutch pedal is determined, predominantly, by the 
characteristics of the diaphragm spring. 
[0004] However, in the case of the conventional clutch 
described previously, the operation load of the clutch 
pedal is affected by deterioration over time of clutch 
components. This deterioration results from mechanical 
connection of the clutch pedal and the clutch compo- 
nents in order to transmit a movement of the clutch pedal 
to the clutch components thus actuating the clutch com- 
ponents. Due to this, a problem occurs in which the op- 
eration load is increased by deterioration over time of 
the clutch components. This is because, for example, 
the positional relationship of the clutch disk and the fly- 
wheel changes over time due to abrasion, and thus a 
reaction force from the diaphragm spring felt as the op- 
eration load by the driver increases. In addition, a prob- 
lem occurs in which a relationship between a depression 



amount of the dutch pedal and a region where the clutch 
is in a partially engaged state (the clutch deviates from 
an initial state) changes because of the deterioration 
over time described previously. 

5 

SUMMARY OF THE INVENTION 

[0005] The invention takes these existing problems 
into consideration, and an object therefore is to provide 
10 a vehicle clutch control device capable of inhibiting 
change of a characteristic pertinent to a clutch opera- 
tion, such as an operation load of a clutch operation 
member, even if clutch components deteriorate over 
time. 

15 [0006] In order to achieve the above object, a clutch 
control device according to a first embodiment of the in- 
vention comprises: a clutch actuator, a clutch operation 
member, operation state detection means and clutch 
control means. The clutch actuator actuates a clutch in- 

20 terposed between an engine and a transmission in a ve- 
hicle and interrupts and resumes power transmission 
from the engine to the transmission. The clutch opera- 
tion member is operated at a time of interruption/re- 
sumption of power transmission by the clutch. The op- 

25 eration State detection means detects an operation 
state of the clutch operation member, and the clutch 
control means controls the clutch actuator based on the 
operation state of the clutch operation member detected 
by the operation state detection means. 

30 [0007] According to the first embodiment described 
above, when the driver operates the dutch operation 
member, a state of the operation is detected by the op- 
eration state detection means. In the case of the clutch 
control means, a movement of the clutch operation 

35 member is not transmitted to the clutch actuator via a 
transmission mechanism, and the clutch actuator is con- 
trolled based on the operation state of the clutch oper- 
ation member detected by the operation state detection 
means. In accordance with this control, the clutch actu- 
ator is actuated, the clutch is connected (engaged) or 
disconnected, and power from the engine to the trans- 
mission is transmitted or cut off. 
[0008] Thus, in a case where the clutch operation 
member Is operated and moved, although this move- 

45 ment is detected by the operation state detection 
means, the movement is not transmitted to the clutch 
actuator via a transmission mechanism (hydraulic 
mechanism or mechanical mechanism). As a result, the 
clutch operation member is less prone to the influence 

so of deterioration over time of the clutch components. 
Therefore, even when the clutch components deterio- 
rate overtime, It Is possible to inhibit change of the char- 
acteristic pertinent to the clutch operation. For example, 
it is possible to inhibit increase of the operation load of 

55 the clutch operation member over time. Furthermore, 
deviation from an initial state of a relationship between 
an operation amount of the clutch operation member 
and a region where the clutch is a partially engaged 
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state can be corrected by control of the clutch actuator. 
[0009] Moreover, in the case of high-output engines, 
as the llywheel Is made larger, inertia thereof becomes 
larger. Accordingly, in a case where the clutch operation 
member and the clutch components are mechanically 
connected, a clutch cover Installation load becomes 
large, and therefore, the operation load (a clutch depres- 
sion force, or the like) becomes heavier. On the other 
hand, according to the above embodiment where a 
transmission mechanism is not used, the clutch opera- 
tion member is not directly connected to the clutch ac- 
tuator as described previously. Accordingly, the opera- 
tion load of the clutch operation member (the clutch de- 
pression force, or the like) is not easily influenced by the 
clutch cover installation load. As a result, even in the 
case of an engine whose output is high and clutch cover 
installation load is large, it is possible to avoid the prob- 
lem of the operation load becoming heavy. 
[0010] In the first embodiment described above, a 
stroke sensor for detecting the operation amount of the 
clutch operation member may be adopted as the oper- 
ation state detection means, and the clutch control 
means may control the clutch actuator based on a value 
detected by the stroke sensor. 

[001 1] According to the above embodiment, when the 
driver operates the clutch operation member, the stroke 
sensor detects the amount of the operation. The clutch 
control means controls the clutch actuator based on the 
operation amount of the clutch operation member de- 
tected by the stroke sensor. In accordance with this con- 
trol, the clutch actuator is actuated, the clutch Is con- 
nected (engaged) or disconnected, and power from the 
engine to the transmission is transmitted or shut off. 
[0012] Furthermore, storing means may be provided 
in which a clutch characteristic is stored and In which a 
relationship between the operation state of the clutch 
operation member and a desired operation state of the 
clutch actuator is defined. Furthermore, the clutch con- 
trol means may be constructed so as to establish the 
dosired operation state according to the operation state 
detected by the operation state detection means, based 
on the clutch characteristic in the storing means. The 
clutch control means may then control the clutch actu- 
ator in accordance with this desired operation state. 
[0013] According to the above embodiment, the 
clutch characteristic stored in the storing means is used 
at the time of control of the clutch actuator by the clutch 
control means. In other words, the desired operation 
state ot the clutch which accords with the operation state 
detected by the operation state detection means is es- 
tablished based on the clutch characteristic. Then, the 
clutch actuator is controlled to this desired operation 
state. 

[0014] In addition, a plurality of kinds of clutch char- 
acteristics may be stored in the storing means, and the 
clutch control means may switch the clutch characteris- 
tic used to establish the desired operation state of the 
clutch, in accordance with estate of the vehicle. 



[001 5] It was explained previously that, according to 
this embodiment, the desired operation state is estab- 
lished based on the clutch characteristics Furthermore, 
the clutch characteristic used can be switched based on 
s the vehicle state. As a result of this switch , the clutch is 
interrupted/resumed in a manner appropriate to the ve- 
hicle state at the time. 

[0016] Furthermore, in the above embodiments, sec- 
ond clutch control means and selection means may be 

io further provided. The second clutch control means con- 
trols the clutch actuator in an automatic clutch mode 
based on a different parameter from the operation state 
of the clutch operation member. This control is separate 
to a manual clutch mode of controlling the clutch actu- 

1 5 ator based on the operation state of the clutch operation 
member. The selection means selects either the manual 
clutch mode or the automatic clutch mode and permits 
control of the clutch actuator by the control means in the 
selected mode. 

20 [0017] According to the this embodiment, when the 
automatic clutch mode is selected by the selection 
means, the clutch actuator is controlled based on the 
operation state of the clutch operation member as de- 
scribed previously. Moreover, when the automatic clutch 

25 mode is selected by the selection means, the clutch ac- 
tuator is controlled based on the parameter that is dif- 
ferent from the operation state of the clutch operation 
member. 

[0018] Therefore, in a case where the automatic 

30 clutch mode is selected, it is possible to interrupt/ 
resume the clutch without the operation of the clutch op- 
eration member by the driver. Accordingly, for example, 
when a driver who is used to driving a vehicle equipped 
with an automatic transmission and, on the other hand, 

35 a driver who is used to driving a vehicle equipped with 
a manual transmission, switch to a vehicle equipped 
with the transmission described here, It does not take 
so long for the respective drivers to become accus- 
tomed to the clutch operation. Accordingly, such drivers 

40 can drive the vehicle without feeling any significant de- 
gree of discomfort with respect to the clutch operation. 
[0019] Furthermore, the selection means may select 
the automatic clutch mode when a vehicle speed, which 
Is a driving speed of the vehicle, is equal to or less than 

45 a specified value. 

[0020] The selection means selects the automatic 
clutch mode when the vehicle speed detected by vehicle 
speed detection means, or the like, is equal to or less 
than the specified value. Then, in accordance with the 

so selected automatic clutch mode, the second clutch con- 
trol means controls the clutch actuator. Therefore, when 
driving at a low speed In an urban area or on a congest- 
ed road, the clutch is interrupted/resume without the op- 
eration of the clutch operation member. As a result, 

55 when driving at such low speeds, it Is possible to free 
the driver from the bother of the dutch operation. 
[0021] In the above embodiment, a selection switch 
operated at the time of selecting either the manual clutch 
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mode or the automatic dutch mode may be further pro- 
vided. Accordingly, the selection means may select the 
mode Instructed by an operation of the selection switch 
as the clutch mode for control of the clutch actuator. 
[0022] When the driver instructs the manual clutch 
mode through the operation of the selection switch, the 
selection means selects the instructed manual clutch 
mode as the clutch mode for control of the clutch actu- 
ator. On the contrary, when the driver instructs the au- 
tomatic clutch mode through the operation of the selec- 
tion switch, the selection means selects the instructed 
automatic clutch mode as the clutch mode for control of 
the clutch actuator. Thus, the driver can discretionarily 
select the manual clutch mode or the automatic clutch 
mode by operating the selection switch. 
[0023] Moreover, the selection means may switch to 
the automatic clutch mode If a problem occurs while the 
manual clutch mode is selected. 
[0024] As just mentioned, the selection means forci- 
bly switches to the automatic clutch mode if a problem 
occurs while the manual dutch mode is selected. There- 
fore, even in the event of a problem, by interrupting/re- 
suming the clutch and shirting using the transmission , It 
is possible to conduct accident-avoidance driving 
[0025] Furthermore, the selection means may select 
the automatic clutch mode when the vehicle takes off. 
[0026] The selection means selects the automatic 
clutch mode using the second control means when take 
off of the vehicle is detected by take off detection means , 
or the like. Depending on this selection result, the sec- 
ond control means controls the clutch actuator based 
on the parameter which is different to the operation state 
of the clutch operation member. Therefore, when the ve- 
hicle takes off, it is possible to continued interruption/ 
resumption the clutch without the operation of the clutch 
operation member by the driver. 
[0027] In the above embodiment moving means may 
be further provided for moving, when the automatic 
clutch mode is selected by the selection means, the 
clutch operation member to a position which is different 
to that during the control by the manual clutch mode. 
[0028] According to the above embodiment, when the 
automatic clutch mode using the second clutch control 
means is selected by the selection means, the operation 
of the clutch operation member by the driver is unnec- 
essary. At this time, the clutch operation member is 
moved by the moving means to the position which is dif- 
ferent to the clutch position when the manual clutch 
mode is selected. Therefore, when the driver does not 
operate the clutch operation member, it is possible to 
enlarge a space around the body part (a foot, or the like) 
of the driver which is used for the clutch operation. 
[0029] Furthermore, in the above embodiment, oper- 
ation load setting means may be further provided for set- 
ting the operation load with respect to the operation 
amount of the clutch operation member 
[0030] According to the above embodiment, the oper- 
ation load with respect to the operation amount of the 



clutch operation member can be freely set by the oper- 
ation load setting means. 

[0031] When the operation amount of the clutch op- 
eration member is in a predetermined region, the oper- 

s ation load setting means may set a degree of change of 
the operation load of the clutch operation member with 
respect to the operation amount such that it is different 
to a degree of change in a non-predetermined region. 
[0032] In this case, when the driver operates the 

10 clutch operation member, the operation load also 
changes in accordance with the change of the operation 
amount. For example, as the operation amount increas- 
es, the operation load increases. When the operation 
amount of the clutch operation member is in the prede- 

15 termined region, the degree of change of the operation 
load with respect to the operation amount becomes dif- 
ferent to the degree of change in the non-predetermined 
region. In other words, in the process of operating the 
clutch operation member, when the operation amount 

20 reaches the predetermined region, the operation load 
changes (increases or decreases) in a manner different 
to before. 

[0033] Therefore, for example, in a case where the 
predetermined region is set so as to be at the boundary 

25 of a region where the clutch is in a disengaged state and 
a region where the clutch Is In a partially engaged state, 
when the clutch operation member is operated in the 
disengaged state region, an operation load changes in 
a manner which is different to that up until now. At this 

30 time, the driver is able to discern that the clutch Is In the 
partially engaged state or a state just prior to entering 
the partially engaged state. 

[0034] Furthermore, in the above embodiment, shift 
control means and vehicle speed detection means may 

35 be further provided. The shift control means controls the 
transmission and vehicle speed detection means detect 
the vehicle speed, which is a driving speed of the vehi- 
cle. The shift control means may switch a shift speed of 
the transmission to neutral when the vehicle speed de- 

*o tection means detects a predetermined vehicle speed 
or lower speed (including a state where the vehicle is 
stopped), during control of the clutch actuator based on 
the operation state of the clutch operation member. 
[0035] According to the above embodiment, when the 

45 vehicle speed detection means detects the predeter- 
mined vehicle speed or lower speed (including the 
stopped state), the shift control means forcibly switches 
the shift speed of the transmission to neutral, during 
control of the clutch actuator based on the operation 

50 state of the clutch operation member. Therefore, when 
the vehicle speed is the predetermined vehicle speed 
or lower speed (including the stopped state), it is possi- 
ble to maintain the vehicle in this speed state without 
the operation of the clutch operation m ember by the driv- 

55 er to disconnect the clutch. As a result, it is possible to 
reduce driver fatigue arising from continuation of the op- 
eration of the clutch operation member. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[D036] The foregoing and further objects, features 
and advantages of the invention will become apparent 
from the following description of preferred embodiments 
with reference to the accompanying drawings, wherein 
like numerals are used to represent like elements and 
v/ here in: 

FIG. 1 is a diagram showing a construction of a ve- 
hicle clutch control device according to a first em- 
bodiment of the invention; 
FIG. 2 is a block diagram schematically showing a 
clutch; 

FIG. 3 is a diagram showing a structure of a clutch 
characteristic map; 

FIG. 4 is another diagram showing a structure of a 
further clutch characteristic map; 
FIG, 5 is a flowchart showing a procedure of con- 
trolling a clutch actuator; 

FIG. 6 is a flowchart showing a procedure of con- 
trolling a clutch actuator in a second embodiment; 
FIG. 7 is a diagram showing a relationship between 
a clutch pedal and a switch in a third embodiment; 
FIG. 8 is a further flowchart showing a procedure of 
controlling a clutch actuator; 
FIG. 9 is a characteristics chart showing a relation- 
ship between a pedal stroke and an operation load 
(a clutch depression force) of an operation load reg- 
ulation device in a fourth embodiment; 
FIG. 10 Is an another characteristics chart showing 
a relationship between a pedal stroke and an oper- 
ation toad (a clutch depression force) of an opera- 
tion load regulation device In a fourth embodfment; 
and 

FIG. 11 is a flowchart showing a procedure for con- 
trolling a transmission actuator In a fifth embodi- 
ment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] A first embodiment of the invention will be de- 
scribed below referring to FIGS. 1 to 5. As shown in FIG. 
1 , a vehicle 1 0 is equipped with an engine 1 1 as a power 
source. A crankshaft 12 serving as an output shaft of 
the engine 11 has a flywheel 13 attached so as to be 
integrally rotatable. A transmission 15 is connected via 
a clutch 14 to the flywheel 13. The clutch 14 transmits 
rotation of the crankshaft 12 to the transmission 15 and 
shuts off this rotation transmission. 
[0038] Astheclutch 14, for example, a well-known dry 
type single plate friction clutch can be used, as shown 
in FIG. 2. Focusing on the construction of this type of 
clutch 14, a clutch cover 16 is attached to the flywheel 
13 so as to be integrally rotatable. On the other hand, a 
clutch disk 18 is connected by splining to an input shaft 
1 7 of the transmission 1 5. Therefore, the clutch disk 1 8 



is capable of sliding In an axial direction (a horizontal 
direction in FIG. 2) while Integrally rotating with the input 
shaft 17. 

[0039] A pressure plate 1 9 is positioned between the 

5 clutch disk 18 and the clutch cover 16. The pressure 
plate 19 is pressed to the side of the flywheel 13 by an 
outside end of a diaphragm spring 21 . This pressure 
generates friction forces between the pressure plate 19 
and the clutch disk 18 and between the clutch disk 18 

10 and the flywheel 1 3, respectively. Owing to these friction 
forces, the clutch 14 enters a so-called connected (en- 
gaged) state, and the pressure plate 19, the clutch disk 
1 8 and the flywheel 13 rotate as one body. In this man- 
ner, power transmission from the engine 11 to the trans- 

15 mission 15 is conducted. Torque transmitted from the 
engine 11 to the transmission 15 via the clutch 14 in this 
power transmission is referred to as 'clutch torque.' 
Therefore, it is possible to express the degree of power 
transmission using the magnitude of this clutch torque. 

20 [0040] As a mechanism for regulating the degree of 
power transmission and shutting off power transmis- 
sion, a release bearing 22 is mounted on the input shaft 
17 so as to be capable of sliding In the axial direction. 
Moreover, in the vicinity of the release bearing 22, a re- 

25 lease fork 23 is rotatably supported by a shaft 24, and 
one end (a lower end In FIG. 2) thereof abuts with the 
release bearing 22. A release cylinder 25 Is connected 
via a rod 27 and a piston 26 to the other end (an upper 
end in FIG. 2) of the release fork 23. An oil pump, not 

30 shown, is connected via a linear solenoid valve, not 
shown, to the release cylinder 25. The release cylinder 
25, the linear solenoid valve, the oil pump, and so on, 
compose a clutch actuator 2B. 
[0041] In the clutch actuator 28, hydraulic fluid is sup- 

35 plied to the release cylinder 25 by the oil pump. Moreo- 
ver, a hydraulic fluid pressure acting on the piston 26 of 
the release cylinder 25 is regulated by regulation of an 
opening degree of the linear solenoid valve. When the 
piston 26 and the rod 27 are moved rightward in FIG. 2 

40 by this hydraulic fluid regulation, the release fork 23 is 
rotated in a clockwise direction, and the release bearing 
22 is pressed to 1 he side of the flywheel 1 3 . Due to move- 
ment of the release bearing 22 in this direction, an inside 
end of the diaphragm spring 21 is elastlcally deformed 

45 jn the same direction. As a result, a force of the dia- 
phragm spring 21 pressing the pressure plate 19 is 
weakened, and the friction forces are decreased. In this 
way, the friction forces change in. accordance with a 
movement amount of the piston 26 in the release cylin- 

so der 25. 

[0042] The movement amount of the piston 26 can be 
expressed as a stroke (0 to 1 00%) of the clutch actuator 
28 (refer to the vertical axes of FIGS. 3 and 4). For con- 
venience, this stroke is divided into three regions: an 
55 engaged region, a partially engaged region and a dis- 
engaged region. In the engaged region, the friction force 
is 'large' and the clutch 14 is connected (engaged), the 
pressure plate 19, the clutch disk 18 and the flywheel 
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1 3 rotate integrally, and power transmission from the en- 
gine 11 to the transmission 1 5 is conducted. At this time, 
the clutch torque reaches the maximum value. 
(0043] In the partially engaged region, the friction 
force is 'medium' and the clutch 1 4 enters a partially en- 
gaged slate, where the pressure plate 1 9, the clutch disk 
18 and the flywheel 13 are connected while sliding. At 
this time, the value of the clutch torque is smaller than 
that in the engaged region. In the disengaged region, 
the friction force is 'small' and the clutch 14 is discon- 
nected, rotation of the flywheel 1 3 is not transmitted to 
the clutch disk 1 B, and power transmission from the en- 
gine 11 to the transmission 15 is shut off. At this time, 
the value of the clutch torque is smaller than that in the 
partially engaged region. 

[0044] Although absolute values may be used for the 
stroke of the clutch actuator, by defining a certain point 
as a reference point, displacement from this reference 
point may be used for relative values. Reference points 
which may be adopted are, for example, a point where 
the clutch disk 1 8 completely connects with the flywheel 
13 (a clamp point), a point where the dutch disk 1 8 con- 
tacts the flywheel 13 (a touch point), a point where the 
clutch torque reaches a definite value, and a point, de- 
termined by design specifications, at which a clutch disk 
is maximally distant from the clamp point. 
[0045] The transmission 15 shown in FIG. 1 has the 
same construction as a commonly known manual trans- 
mission such as a parallel gear type transmission having 
five forward speeds and one reverse speed. The trans- 
mission 15 is provided with the input shaft 17 and an 
output shaft (not shown in the drawing). The input shaft 
17 is connected to the clutch disk 18 as described be- 
fore. The output shaft is connected to a driving wheel 
via a drive shaft, a differential gear, an axle, and so on, 
and rotation of the output shaft is transmitted to the driv- 
ing wheel through these members. 
[0046] The transmission 1 5 is provided with a plurality 
of paired shift gear trains (shift speeds) and a plurality 
of sleeves, in addition to the input shaft 1 7 and the output 
shaft. Moreover, the transmission 15 is also provided 
with a transmission actuator 29 for switching shift 
speeds of the transmission 15. This transmission actu- 
ator 29 is composed by cylinders (a shift cylinder, a se- 
lect cylinder), like the release cylinder 25, a valve, an oil 
pump, and so on. For this oil pump, it is possible to share 
the oil pump supplying oil to the release cylinder 25 de- 
scribed above. By an operation of the cylinders, the 
sleeves are moved in the axial direction of the output 
shaft in the transmission 15. As a result of this move- 
ment, the gears are meshed with each other, and power 
transmission in a specific shift gear train is enabled. 
Moreover, when the respective sleeves are moved to a 
neutral position in the pairs of shift gear trains, power 
transmission in each respective gear train is shut off. 
[0047] A clutch operation member operated by a driv- 
er when interrupting/resuming the clutch 14 is disposed 
in the vicinity of a driver's seat. In this case, a clutch 



pedal 31 depressed by the driver and rotatably support- 
ed by a shaft 30 is used for the clutch operation member. 
The clutch pedal 31, unlike conventional ones, is not 
mechanically connected to the release cylinder 25. A 

5 depression amount of the clutch pedal 31 can be ex- 
pressed by a stroke (hereinafter referred to as 'a pedal 
stroke'). As shown by the horizontal axes of FIGS. 3 and 
4, the pedal stroke takes a value of 0 to 100 %. The 
pedal stroke Is 0 % when the clutch pedal 31 is not de- 

10 pressed, and 100 % when depressed as far as is pos- 
sible. 

[0048] As shown in FIG 1, an operation load regula- 
tion device 32 for regulating an operation load (a clutch 
depression force) thereof is disposed in the vicinity of 

15 the clutch pedal 31 . The operation load regulation de- 
vice 32 includes, for example, an electric motor a 
spring, or the like. In the case of using a spring, it is im- 
portant to select one having an appropriate spring force. 
Moreover, In the case of using an actuator such as an 

20 electric motor, or Ihe like, unlike the case of using the 
spring, it is possible to discretionarily change an opera- 
tion load in accordance with a depression amount of the 
clutch pedal 31 , a state of the vehicle 10, and so on. As 
the operation load regulation device 32, other than those 

25 possibilities described above, a device using a pressure 
of a fluid such as an oil pressure, an air pressure, or the 
like, may be used. 

[0049] Moreover, a shift device 36 is installed in the 
vicinity of the driver's seat. A shift lever 37 is displace- 
so ably disposed in the shift device 36 along a shift gate 
(not shown in the drawing), as a shift operation member. 
The shift gate is set with shifting positions such as, for 
exampfe, a reverse (R) position, a neutral (N) position 
and a sequential (S) position are set. The driver can dis- 
35 place the shift lever 37 to a desired shifting position 
when executing a shifting operation of the transmission 
15. 

[0050] The neutral position is a position selected to 
shut off connection between the input shaft 17 and the 

to output shaft in the transmission 1 5. The reverse position 
is a position selected to move the vehicle 1 0 backward. 
The sequential position is a position where the driver 
manually operates shifting between the plurality of for- 
ward shift speeds. A + position and a - position are dis- 

45 posed on respective sides of the sequential position. 
The + position is a position where the shift lever 37 is 
operated for upshifting, and the - position is a position 
where the shift lever 37 is operated for downshifting. A 
returning mechanism (not shown in the drawing) for re- 

50 turning the shift lever 37 to the sequential position after 
it has been shifted to the + position or the - position is 
disposed In the shift device 36. 
[0051] Various kinds of sensors are used in the vehi- 
cle 10 for detecting a state thereof. For example, a 

55 stroke sensor 41 is disposed in the vicinity of the clutch 
pedal 31 as means for detecting an operation state 
thereof. The operation state in this case is an operation 
amount of the clutch pedal 31, that is, the depression 
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amount (the pedal stroke). Moreover, a shjft position 
sensor 42 for detecting a position of the shift lever 37 is 
disposed in the shift device 36. In the transmission 15, 
two stroke sensors 43 and 44 for detecting a shift direc- 
tion and a selection direction of the gear, respectively, s 
are disposed. In addition, a vehicle speed sensor 45 
serving as means for detecting a driving speed (a vehi- 
cle speed SPD) of the vehicle 10, a revolution speed 
sensor 46 which detects a revolution speed of the en- 
gine 11, and so on, are also provided. However, these 
sensors are merely examples, and other sensor may be 
used. 

[0052] Furthermore, an electronic control unit (re- 
ferred to hereinafter as 'ECU') 51 is disposed in the ve- 
hicle 10. The ECU 51 is used as means for controlling 1$ 
interruption/resumption of the clutch 14 through control 
of the clutch actuator 28. Moreover, the ECU 51 is used 
as means for controlling shifting of the transmission 15 
through control of the transmission actuator 29. The 
ECU 51 includes a microcomputer as a core, and exe- 20 
cutes various kinds of control based on the result of a 
calculation process conducted by a central processing 
unit (referred to hereinafter as 'CPU') in accordance with 
a control program, initial data, a control map, orthe like, 
stored in a read-only-memory (referred to hereinafter as 2$ 
'ROM') 52. The calculation result by the CPU is tempo- 
rarily stored in a random-access-memory (referred to 
hereinafter as 'RAM'). 

[0053] For example, the ECU 51 controls the trans- 
mission actuator 29 based on a detection signal of the 30 
shift position sensor 42, and thereby operates the shift 
speed to a shift speed selected through operation of the 
shift lever 37. By this control, for example, In a case 
where the shift lever 37 Is operated to the reverse posi- 
tion, the transmission 1 5 is switched to the reverse shift 35 
speed. Moreover, in a case where the shift lever 37 is 
operated to the neutral position, the transmission 15 is 
switched to a power transmission shut off state. More- 
over, when the shift lever 37 is operated to the + position 
or the - position, which are defined with respect to the 40 
neutral position of the sequential position, the plurality 
of forward shift speeds of the transmission 15 are up- 
shifted or downshifted, respectively. The + position is an 
upshift position, and for every operation, a shift speed 
is upshifted, that is : shifted to a high-speed side where *5 
a gear ratio is smaller by one speed. On the other hand, 
the - position is a downshift position, and for every op- 
eration, the shift speed is downshifted, that is, shifted to 
a low-speed side where a gear ratio is larger by one 
speed. 50 
[0054] Next, an operation and an effect of the first em- 
bodiment constructed as described above will be ex- 
plained. A flowchart shown in FIG. 5 shows a clutch con- 
trol routine for controlling an operation of the clutch ac- 
tuator 28, which Is one of various process executed by 55 
the ECU 51. 

[0055] For this process, the ROM 52 is made to func- 
tion as means for storing clutch characteristic maps. In 



other words, a plurality of clutch characteristic maps are 
stored in the ROM 52 of the ECU 51 . In the respective 
clutch characteristic maps, a relationship between the 
pedal stroke and a desired stroke of the clutch actuator 
28 is defined in advance as a clutch characteristic. In 
this case, the desired stroke corresponds to a desired 
operation state of the clutch actuator 28. The desired 
stroke of the ciutch actuator 28 in the clutch character- 
istic maps may be replaced with a desired stroke of the 
release cylinder 25. 

[0056] Examples are shown In FIGS. 3 and 4. In a 
clutch characteristic map of FIG. 3, when the pedal 
stroke is the minimum (0 %), the deslrod stroke is the 
maximum (100%). Moroover, when the pedal stroke Is 
the maximum (100 %), the desired stroke is the mini- 
mum (0 %). Furthermore, a degree of change (line in- 
clination) of the desired stroke with respect to a change 
of the pedal stroke is different in respective regions. The 
degree ol change is large in the engaged region and the 
disengaged region, and small in the partially engaged 
region. This means that a small change of the pedal 
stroke substantially changes the desired stroke in the 
engaged region and the disengaged region, whereas 
the desired stroke does not change significantly as long 
as the pedal stroke is not changed substantially in the 
partially engaged region. In this clutch characteristic 
map, characteristics when the clutch pedal 31 is de- 
pressed (when the pedal stroke increases) and released 
(when the pedal stroke decreases), respectively, are 
slightly different from each other. 
[0057] A clutch characteristic map shown in FIG. 4 is 
different from that of FIG. 3 in the following respects. 
Firstly, the degree of change of the desired stroke with 
respect to the change of the pedal stroke in the partially 
engaged region is also large as in the other regions (the 
engaged region and the disengaged region). This 
means that the clutch 14 is interrupted/resumed by just 
a small change of the pedaJ stroke. Additionally, in a re- 
gion where the pedal stroke is larger than a specified 
value a, the desired stroke is uniformly set to the mini- 
mum (0 %). 

[0058] In clutch characteristic maps other than those 
described above {not shown in the figure), the ranges 
of the engaged region, the partially engaged region and 
the disengaged region described previously, the degree 
of change of the desired stroke with respectto the pedal 
stroke in each region, and so on , are different from those 
of FIGS. 3 and 4. 

[0059] In step S1 1 0, the ECU 51 selects, from among 
the plurality of clutch characteristic maps stored in the 
ROM 52, the most appropriate one for a predetermined 
state amount pertinent to a condition of the vehicle 10. 
The predetermined state amount is. for example; the 
amount of a driving state of the vehicle 1 0 such as the 
vehicle speed SPD or an acceleration of the vehicle 10; 
the amount of a driving state of the engine 11 such as 
an engine revolution speed; orthe amount of a state of 
the transmission 1 5 such as the shift speed. In addition, 
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the predetermined state amount may be; the amount of 
a state of the cl uteri 1 4 such as a speed, an acceleration , 
a direction (a depression direction or a release direc- 
tion); orthe stroke of the piston 26 In the release cylinder 
25 when operating the clutch pedal 31 . Furthermore, a 5 
selection switch for selecting the clutch characteristic 
map may be provided in advance. The clutch character- 
istic map may then be selected in accordance with a 
state of this selection switch. The aforementioned state 
amounts may be used separately, or used in a combi- io 
nation of two or more. 

[0060] Subsequently, in step S 1 20, the desired stroke 
of the clutch actuator 28 with respect to the pedal stroke 
at the time of detection by the stroke sensor 41 is deter- 
mined while referring to the clutch characteristic map se- is 
lected in the above manner, 

[0061 J Then, in step S 130, the clutch actuator 28 is 
controlled in accordance with the desired stroke found 
In steps 120. Following the processing Instep S130,the 
clutch control routine Is ended once. Thus, the dutch 20 
actuator 28 is controlled based on the pedal stroke de- 
tected by the stroke sensor 41 . Using the clutch actuator 
28 actuated through this control, the clutch 14 is con- 
nected (engaged) or disconnected, and power from the 
engine 11 to the transmission 15 is transmitted or shut 25 
off. 

[0062] According to the first embodiment explained 
above, the following effects can be obtained. 

(1 ) The clutch 14 is interrupted/resumed based on 30 
the depression operation of the clutch pedal 31 by 

the driver. Therefore, when driving the vehicle 10, 
the amount of shifting (ex; shift number) which the 
driver is positively engaged in performing increases 
and the pleasure of driving the vehicle is greater, 35 
than a vehicle equipped with an automatic transmis- 
sion. 

(2) Since the driver operates the clutch pedal 31 vo- 
litionally, the driver can predict that a slightly shud- 
der will occur with interruption/resumption of the 
clutch 14 and shifting. Therefore, even when such 
a slight shudder occurs, the driver hardly feels a 
sense of discomfort. 

(3) Since the clutch pedal 31 and the clutch actuator 

28 are not mechanically connected, the clutch pedal 45 
31 Is not easily Influenced by deterioration overtime 
of the clutch components- Therefore, even when 
the components of the clutch 14 deteriorate over 
time, for example, If the clutch disk 18 is worn out, 
the operation load (the clutch depression force) so 
never becomes larger than an initial state when the 
driver depresses the clutch pedal 31. Moreover, 
since the relationship between the pedal stroke and 
the region where the clutch 1 4 is in the partially en- 
gaged state can be corrected by control of the clutch 55 
actuator 28 : it is possible to inhibit deviation from 
the initial state overtime. Furthermore, it is possible 
to solve the prob lem of vibrations that are generated 



in the components and between the components of 
the clutch 14 being transmitted to the clutch pedal 
31. 

Furthermore, when larger output engines are 
used for the engine 11, generally, as the flywheel 
13 becomes larger, inertia thereof becomes larger. 
For this reason, when the clutch pedal 31 and the 
clutch components are mechanically connected, 
the clutch cover Installation load becomes larger, 
and therefore, the clutch depression force becomes 
heavier. On the other hand, in the first embodiment 
where a transmission mechanism is not used, the 
clutch pedal 31 is not directly connected to the 
clutch actuator 28 as described previously. There- 
fore, the clutch cover installation load does not eas- 
ily influence the clutch depression force. As a result, 
even in the case when the engine 1 1 has high output 
and large clutch cover installation load, it is possible 
to avoid the problem of the clutch depression force 
becoming heavy. 

(4) The clutch characteristic map in which the rela- 
tionship between the pedal stroke and the desired 
stroke Is defined is stored In the ROM 52. By refer- 
ring to this clutch characteristic map, the desired 
stroke In accordance with the pedaJ stroke at a giv- 
en time is established. Therefore, it is possible to 
establish the desired stroke in a shorter time than 
in the case of calculation. 

(5) The plurality of clutch characteristic maps are 
stored in the ROM 52, and the clutch characteristic 
map used for establishing the desired stroke is se- 
lected in accordance with the state of the vehicle 1 0 
at the time. Then, with the selected clutch charac- 
teristic map, the desired stroke of the clutch actua- 
tor 28 with respect to the pedal stroke is estab- 
lished, and the clutch actuator28 is controlled in ac- 
cordance with the desired stroke. Therefore, it is 
possible to select the most appropriate clutch char- 
acteristic map for the state of the engine 1 1 and the 
vehicle 1 0 and conduct the clutch operation. 

For example, when the clutch characteristic 
map shown in FIG. 3 is selected when the vehicle 
10 takes off or drives on a congested road, the re- 
gion of the pedal stroke corresponding to the par- 
tially engaged region is enlarged, and therefore, it 
is easily possible to make the clutch 14 enter the 
partially engaged state. As a result, If a subtle clutch 
operation is required when taking off or when driving 
on a congested road, it is possible to easily connect 
the disconnected clutch 14, and thus operability of 
the clutch 1 4 Improves. 

Moreover, In a case where the clutch charac- 
teristic map of FIG. 4 is selected during particular 
types of driving, such as sport driving, the driver can 
engage and disengage the clutch 14 by just de- 
pressing the clutch pedal 31 slightly. Accordingly, a 
rapid and crisp clutch operation is enabled, and 
drivability improves. 



8 



<EP 1 342930 A2_L> 



15 



EP 1 342 930 A2 



16 



Thus, required clutch characteristics are differ- 
ent when, for example, taking off in the vehicle 10 
and when sport driving However, it is possible to 
meet this requirement, 

Next, a second embodiment of the Invention will 
be described referring to FIGS. 1 and 6. In the sec- 
ond embodiment, In addition to the control mode by 
the ECU 51 in the first embodiment, the clutch ac- 
tuator 28 is controlled in another control mode. In 
otherwords, in the first embodiment, acontrolmode 
of controlling the clutch actuator 28 based on the 
operation state of the clutch pedal 31 (the pedal 
stroke) is referred to as 'the manual clutch mode.' 
In this manual clutch mode, the driver's intentions 
have a direct influence on control of the clutch ac- 
tuator 28 through the clutch operation. On the other 
hand, in the second embodiment, in addition to the 
manual clutch mode, the clutch actuator 28 is con- 
trolled In 'an automatic clutch mode. 1 In the auto- 
matic clutch mode, the clutch actuator 28 is control- 
led based on a parameter which Is different from the 
operation state of the clutch pedal 31 , such as the 
pedal stroke. 

Thus, the ECU 51 functions as means for con- 
trolling the clutch actuator 28 in the manual clutch 
mode (clutch control means), and also functions as 
means for controlling the clutch actuator 28 in the 
automatic clutch mode (second clutch control 
means). Furthermore, the ECU 51 also functions as 
selection means for selecting either the manual 
clutch mode orthe automatic clutch mode and con- 
trolling the clutch actuator 28 in the selected mode. 

As the automatic clutch mode is added, means 
is provided for moving the clutch pedal 31 , the op- 
eration load regulation device 32, and so on, from 
respective positions at the time of control in the 
manual clutch mode to other respective positions 
when the automatic clutch mode is selected. More 
specifically, as shown in FIG, 1, a moving mecha- 
nism 33 for moving the clutch pedal 31 , the opera- 
tion load regulation device 32, and so on, between 
respective usage positions and housed positions Is 
provided as this moving means. In this case, the us- 
age position is a position where the driver can de- 
press the clutch pedal 31 without straining his/her 
body. Moreover, the housed position is a position 
where a foot of the driver is not obstructed when the 
driver does not depress the clutch pedal 31 . This 
moving mechanism 33 is provided with an actuator 
34, such as a motor, and a mechanism 35 which 
transmits an operation of the actuator 34 to the 
clutch pedal 31, and so on. 

Next, *a clutch control routine' torcontrolling the 
clutch actuator 28 in accordance with both the 
aforementioned clutch modes will be explained re- 
ferring to a flowchart shown in FIG. 6. 

Firstly, in step S140, the ECU 51 determines 
whether a condition for executing control in the au- 



tomatic clutch mode (an automatic clutch execution 
condition) Is satisfied or not. Here, satisfaction of 
the automatic clutch execution condition is consti- 
tuted by satisfaction of one of the following, or, all 
s of any particular combination of two or more thereof. 

(a) The vehicle speed SPD is equal to or less 
than a predetermined value. The predeter- 
mined value here is a value within a low speed 

10 level range where It is presumed that frequent 

clutch operations are required of the driver. 

(b) A specific operation is performed by the driv- 
er. The operation is, for example, selection of 
the automatic clutch mode, in a case where a 

15 selection switch 47 for selecting the automatic 

clutch mode or the manual clutch mode (refer 
to FIG. 1 ) is provided. In this case, a dedicated 
switch may be provided as the selection switch 
47. Alternatively, the clutch pedal 31 may be 

20 made to function as the selection switch. That 

is to say, in the ECU 51 , it is determined that 
the manual clutch mode (or the automatic 
clutch mode) is selected when the pedal stroke 
Is smaller than the predetermined value, and it 

25 js determined that the automatic clutch mode 

(or the manual clutch mode) Is selected when 
the pedal stroke is equal to or more than the 
predetermined value. In this case, depression 
of the clutch pedal 31 by the driver by a stroke 

30 equal to or more than the predetermined value 

corresponds to performance of the specific op- 
eration. 

(c) A problem with the clutch control device is 
detected. The problem may be, for example, a 

35 malfunction of the stroke sensor 41 . 

(d) The vehicle 1 0 is in a take off state. The take 
off state here is determined based on, for ex- 
ample, whether is a condition is satisfied. Ex- 
amples of this condition Include; a forward 

40 speed, such as first or second, is selected as 

the shift speed in thetransmission 15; adepres- 
sion amount of an acceleration pedal is not'O'; 
or the vehicle speed SPD is equal to or less 
than a predetermined value. 

45 

Other than the aforementioned factors (a) to 
(d), for example, the automatic clutch execution 
condition may be that; an ignition switch is turned 
on so as to pass a current through various kinds of 
so electric appliances; the engine 11 is started, orthe 
like. 

When the aforementioned automatic clutch ex- 
ecution condition is not satisfied, the clutch actuator 
28 is controlled in the manual clutch mode as In the 
55 first embodiment. That is to say, after the process- 
ing in steps S110 to S130 are sequentially execut- 
ed, the clutch control routine is ended once. On the 
other hand, when the automatic clutch execution 
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conditions are satisfied the clutch actuator 2B is 
controlled in the automatic clutch mode in step 
S150. In the automatic clutch mode, the clutch ac- 
iuator 28 is controlled based on the parameter other 
than the operation state of the clutch pedal 31 (the s 
pedal stroke) such as a position of the shift lever 37 
detected by the shift position sensor 42, or the ve- 
hicle speed SPD detected by the vehiciespeed sen- 
sors, and the clutch 14 is disconnected/connected 
at the time of shifting. With this clutch control, for io 
cxampto, when taking off, it is possible to smoothly 
drive the vehicle 1 0 at a low speed using a creep 
phenomenon. Then, after the processing In step 
S150, the clutch control routine is ended once. 

According to the second embodiment de- * 5 
scribed above, in addition to the aforementioned ef- 
fects (1 ) to (5), the following effects can be obtained. 

(6) The automatic ciutch mode Is set in addition to 
the manual clutch mode. Then, the clutch actuator 

28 Is controlled so as to be in the manual clutch 20 
mode when the automatic clutch execution condi- 
tions are not satisfied. Alternatively, the clutch ac- 
tuator 28 is controlled so as to be in the automatic 
clutch mode when the conditions are satisfied. 

Therefore, in a case where the automatic clutch 25 
mode is selected, It is possible to interrupt/resump- 
tion of the clutch 14 without the operation of the 
clutch pedal 31 by the driver. Accordingly, for exam- 
ple, when a driver who Is used to driving a vehicle 
equipped with an automatic transmission and. on 30 
the other hand, a driver who is used to driving a ve- 
hicle equipped with a manual transmission, switch 
to driving the vehicle 1 0 of this embodiment, It does 
not take so long for the respective drivers to become 
accustomed to the clutch operation. Accordingly, #5 
such drivers can drive the vehicle 1 0 without feeling 
any significant degree of discomfort with respect to 
the clutch operation. 

(7) When the vehicle speed SPD is equal lo or less 
than the specified value, it is taken that the auto- *o 
matic clutch execution condition is satisfied. There- 
fore, according to this embodiment, even when driv- 
ing at a low speed In an urban area or on a congest- 
ed road, when a subtle clutch operation is required 
under ordinary conditions the clutch 14 is interrupt- *s 
ed/resumed without the operation of the clutch ped- 
al 31. As a result, when driving at such low speed, 

it is possible to free the driver from the bother of the 
clutch operation. 

(8) The selection switch 47 for selecting the manual so 
clutch mode orthe automatic clutch mode is provid- 
ed, and when the automatic clutch mode is selected 
through an operation of the selection switch 47 by 
the driver, it is taken that the automatic clutch exe- 
cution conditions are satisfied. Therefore, by oper- ss 
ating the selection switch 47, the driver can volition- 
ally select the manual clutch mode or the automatic 
clutch mode. 



(9) When a problem occurs in the clutch control de- 
vice, it is taken that the automatic clutch execution 
conditions are satisfied. Therefore, even In the 
event of a problem, it is possible to continue inter- 
ruption/resumption of the clutch 14 and conduct 
shifting by the transmission 15. For example, in a 
case where the problem is caused by a malfunction 
of the stroke sensor 41 , it is difficult to properly con- 
trol the clutch actuator 28 In the manual clutch mode 
where a signal of this stroke sensor 41 is used. 
However, in the automatic clutch mode where a sig- 
nal of a sensor other than the stroke sensor 41 
used, it is possible to properly control the clutch ac- 
tuator 28. Due to this shifting, accident-avoidance 
driving is enabled even if such a problem occurs. 

(1 0) When the vehicle 1 0 is taking off, it is taken that 
the automatic clutch execution conditions are satis- 
fied. Therefore, when the vehicle 10 is taking off, it 
is possible to realize interruption/resumption of the 
clutch 14 and realize creep driving without the op- 
eration of the dutch pedal 31 by the driver. 

(11) The moving mechanism 33 for moving the 
clutch pedal 31 , and so on, from the position when 
control is executed in the manual clutch mode to the 
other position when the automatic clutch execution 
conditions are satisfied is provided. Therefore, it is 
possible to enlarge a space around the foot of the 
driver at the time of automatic clutch control when 
the clutch pedal 31 is not operated. 

Next, a third embodiment of the invention will 
be described referring to FIGS. 7 and 8 while focus- 
ing on differences from the first and second embod- 
iments. In the third embodiment, as shown In FIG. 
7, a push-button switch 48 is disposed as means 
for setting the operation load. This switch 48 is po- 
sitioned at the back of the clutch pedal 31 and is 
constructed so as to increase the operation load as 
it is pushed in. The clutch pedal 31 is separated 
from the switch 48 when the pedal stroke is in the 
engaged region and the partially engaged region. 
At this time, the switch 48 is in an OFF state (or an 
ON state). Moreover, when the pedal stroke shifts 
from the partially engaged region to the disengaged 
region, the clutch pedat 31 contacts the switch 48 
as shown by a solid line in FIG. 7. In the disengaged 
region, as the pedal stroke increases, the switch 48 
is pushed in by the clutch pedal 31 . In this case, as 
described before, the load of the switch 48 increas- 
es In accordance with the increase of the pedal 
stroke. Then, as shown by a dot-dash line in FIG. 
7, when the clutch pedal 31 is depressed as far as 
it goes and the pedal stroke reaches the maximum, 
the switch 48 enters an ON state (or an OFF state). 
The signal from the switch 48 is read by the ECU 
51 , and used for control of the clutch actuator 28. 

Next, a clutch control routine executed by the 
ECU 51 will be described referring to a flowchart of 
FIG. 8. The processes which are the same as those 
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in the clutch control routine in FIG. 5 will be denoted 
by the same step numbers, and explanations there- 
of wilt be omitted. 

After selecting the clutch characteristic map in 
step S110, In step S115, the ECU 51 determines * 
whether the switch 48 is OFF. When this determi- 
nation condition is satisfied, steps S120 and S130 
are executed sequentially and then the processing 
is returned as shown in FIG. 5- On the other hand, 
when the determination condition of step S115 is 10 
not satisfied, the desired stroke for disconnecting 
the clutch 14 is established in step S1 25. Then, fol- 
lowing control of the clutch actuator 28 in step S1 30 
in accordance with the desired stroke established 
in step $125, the clutch control routine is ended 15 
once. 

According to the third embodiment described 
above, in addition to the aforementioned effects (1) 
to (5), the following effects can be obtained. 
(12) The switch 48 which increases the operation 20 
load as It is pushed is adopted, and the switch 48 
is pushed in by the clutch pedal 31 when the pedal 
stroke is in the disengaged region. Therefore, when 
the pedal stroke is in the disengaged regjon, the de- 
gree of change of the operation load with respect to 25 
the pedal stroke becomes a different degree of 
change from that in the partially engaged region. In 
other words, when the pedal stroke enters the dis- 
engaged region due to the operation of the clutch 
pedal 31 , the operation load changes (rapidly in- 30 
creases or decreases) in a manner unlike before. 
Therefore, as a result of this change, the driver eas- 
ily recognizes that the clutch Is In the partially en- 
gaged state or a state just prior to entering the par- 
tially engaged state. Accordingly, the operation of 35 
making the clutch 14 enter the partially engaged 
state becomes easier, and It becomes possible to 
smoothly take off in the vehicle 10. Moreover, it is 
possible to reduce the extent to which the partially 
engaged state occurs unnecessarily. Thus, an ef- *o 
feet of preventing slip of the clutch 14, which wors- 
ens durability, can also be expected. 

Next, a fourth embodiment of the invention will 
be described referring to FIG. 9. The fourth embod- 
iment is different from the third embodiment in that <5 
the operation load regulation device 32 doubles as 
means for setting the operation load. 

FIG. 9 shows an example of a characteristic of 
the operation load regulation device 32, and more 
specifically, a relationsh ip between the pedal stroke 
and the operation load (the clutch depression 
force). For convenience, this pedal stroke is divided 
into the engaged region where the clutch 1 4 is con- 
nected (engaged), the partially engaged region 
where the clutch 14 enters the partially engaged ss 
state and the disengaged region where the clutch 
14 is disconnected. In the engaged region and the 
partially engaged region, the pedal stroke and the 
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operation load are substantially proportion. In the 
disengaged region, fundamentally, the pedal stroke 
and the operation load are substantially proportion. 
However, in a region of the disengaged region close 
to the partially engaged region, the operation load 
changes substantially with respect to the change of 
the pedal stroke. 

Therefore, in the engaged region and the par- 
tially engaged region, the operation load Increases 
as the depression amount increases. In the region 
of the disengaged region close to the partially en- 
gaged region, the operation load increases sub- 
stantially, and when the clutch pedal 31 is further 
depressed, the operation load substantially de- 
creases. Following this, when depression of the 
clutch pedal 31 continues in the disengaged region, 
the operation load increases in proportion with the 
depression amount. 

Moreover, when release of the depression 
force starts from a state where the clutch pedal 31 
is fully depressed in the disengaged region, the op- 
eration load decreases gradually. When the clutch 
pedal 31 is released to a certain extent, the opera- 
tion load substantially increases. When the clutch 
pedal 31 is released further, the operation load de- 
creases substantially, and the clutch enters the par- 
tially engaged state. In the partially engaged region 
and the engaged region, the operation load de- 
creases as the clutch pedal 31 is released. 

Accordingly, as a result of realizing the afore- 
mentioned characteristic of the clutch depression 
force (the relationship between the pedal stroke and 
the operation load) using the operation load regu- 
lation device 32, the driver can easily discern 
whether the clutch is in the partially engaged state 
from the aforementioned substantial changes of the 
operation load. 

In the fourth embodiment of the Invention, as 
shown in Fig. 9, a characteristic of the operation 
load regulation device 32 Is set such that, in a region 
of the disengaged region close to the partially en- 
gaged region, the operation load changes substan- 
tially with respect to the change of the pedal stroke. 
The invention is not limited to the embodiment, the 
degree of change of the operation load can be set 
to the extent which the driver can discern whether 
the clutch shifts to the partially engaged state from 
the disengaged state, or the clutch shifts to the dis- 
engaged state from the partially engaged state. For 
example, as shown in Fig. 10, the degree of change 
of the operation load with respect to the pedal stroke 
in the predetermined region (the disconnected re- 
gion) can be set to a different degree of change from 
those in the engaged region and the partially en- 
gaged region. 

In addition, since the characteristic of the oper- 
ation load regulation device 32 can be set arbitrary, 
a wide of the partially engaged region can be set 
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freely, the operation load can be set freely and a 
wide of the pedal stroke can be set freely. 

According to the fourth embodiment described 
above, the following effect (13), which is the same 
as the aforementioned effect (12), can be attained s 
in addition to the effects (1) to (5). 
(1 3) A characteristic of the operatfon load regulation 
device 32 is that the degree of change of the oper- 
ation load with respect to the pedal stroke in the pre- 
determined region (the disconnected region) is a w 
differont dogroe of change from those in the en- 
gaged region and the partially engaged region. For 
this reason, when the clutch pedal 31 is operated in 
the disengaged region, the operation load changes 
(substantially increases or decreases) with a de- is 
gree of change that is different to those in the other 
regions. Therefore, the driver can easily recognize 
that the clutch is in the partially engaged state or a 
state just before entering the partially engaged 
state, from this substantial change of the operation 20 
load. 

Next, a fifth embodiment of the invention will be 
described referring to FIG. 11 . In the fifth embodi- 
ment, in addition to the elements and structure of 
the first to fourth embodiments, when the vehicle 10 25 
is in a stopped state under a condition that the clutch 
actuator 28 is controlled so as to be in the manual 
clutch mode, the shift speed of the transmission 15 
is switched to neutral. Hereinafter, this shift control 
which is executed by the ECU 51 will be explained 30 
referring to a flowchart shown in FIG. 11 . 

Firstly, in step S210, the ECU 51 determines 
whether the vehicle speed SPD is equal to or less 
than a predetermined value p and whether the 
clutch 14 is disengaged. As the vehicle speed SPD, 35 
a value detected by the vehicle speed sensor 45 is 
used. In this case, the predetermined value p is set 
to be a value when the vehicle 10 stops or a value 
right before stopping. Moreover, whether the clutch 
14 is disconnected or not is determined basod on 40 
the pedal stroke detected by the stroke sensor 41 . 
The processing in step S210 is executed until the 
aforementioned determination conditions are satis- 
fied. 

When the determination conditions of step 45 
S210 is satisfied, it is determined in step S220 
whether a present shift speed detected by the 
stroke sensors 43 and 44 is a take off shift speed, 
ft should be noted that it is desirable that the take 
off shift speed is first in normal conditions, and sec- so 
ond in wintertime, cold districts, and the like. 

When the determination condition of step S220 
is satisfied, it is determined whether a condition for 
forcibly switching the shift speed to neutral (a neu- 
tral switching condition) is satisfied. This processing 55 
Is executed because it is possible that a problem, 
to be mentioned later, may occur when the shift 
speed is switched to neutral under a certain condi- 



tion. Accordingly, this processing is executed so as 
prevent switching under such a condition. In this 
case, satisfaction of the neutral switching condition 
is, for example, satisfaction of one or a combination 
of two or more of the following. 

(i) After a prior take-off occurs, the vehicle 
speed SPD exceeds a predetermined value. 

(ii) After a prior take-off occurs, the vehicle 
drives for a specified time or longer. 

(iii) After a prior take-off occurs, the vehicle 
drives a specified distance or further 

(Iv) The clutch pedal 31 and the shift lever 37 
are not operated. 

(v) The vehicle does not drive up or down a 
sloping road. 

The above conditions (i) to (iv) are mainly for 
determining whether a second take-off following a 
temporary stop has occurred. Such a second take- 
off following a temporary stop occurs, for example, 
when the vehicle 10. which has been driven along 
a branch road is temporarily stopped by the driver 
before a stop line for joining a main road, then 
stopped again after having been moved forward 
slightly so that the driver can check for the presence 
of other vehicles, or the like, and thereafter takes 
off to fully begin driving. When the shift speed is 
switched to neutral in this case, the clutch operation 
becomes rather complicated. Moreover, the condi- 
tion (v) is added because when the shift speed is 
switched to neutral under this condition, a driving 
force of the engine 11 is not transmitted to driving 
wheels. 

The shift control routine is ended once when 
the aforementioned neutral switching conditions 
are not satisfied, whereas the routine proceeds to 
step S240 when the neutral switching conditions 
are satisfied. In step S240 : the transmission actua- 
tor 29 Is controlled, and the shift speed of the trans- 
mission is shifted from the take off shift speed to 
neutral. 

Next, in step S250, it is determined whether the 
clutch 14 is disconnected and the shift lever 37 Is 
operated, that is, whether the driver executes an op- 
eration for take off. When this determination condi- 
tion is not satisfied, the processing of step S250 is 
repeated until the determination condition is satis- 
fied. On the contrary, when the determination con- 
dition in step S250 is satisfied, in step S260, the 
transmission actuator 29 is controlled, and the shift 
speed of the transmission 1 5 is shifted from neutral 
to the take off shift speed. After the processing in 
step S260, the shift control routine is ended. 

It should be noted, In a case where the deter- 
mination condition in step S220 is not satisfied, the 
routine proceeds to step S240 (or step S250). This 
is because under the condilion that the vehicle 
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speed SPD is low, the clutch 14 is disconnected 
(step S21 0: YES) and the take off shift speed is not 
selected (step S220: NO), it Is taken thatthe present 
shift speed is neutral. 

According to the fifth embodiment described 
above, in addition to the aforementioned effects (1 ) 
to (13), the following effects can be obtained. 

(14) When the vehicle speed sensor 45 detects the 
vehicle is in the stopped state (SPD < p) under a 
condition that the clutch actuator 28 is controlled in 
the manual clutch mode, the shift speed of the 
transmission 15 is switched to neutral. Therefore, 
while stopped, the driver can maintain tho stopped 
state without depressing the clutch pedal 31 and 
disconnecting the clutch 1 4. The driver is free from 
the clutch operation until just before take off. As a 
result, it is possible to reduce fatigue of the foot and 
tension resulting from continued depression of the 
clutch pedal 31. 

(1 5) The above shift control for switching to neutral 
is executed only when the neutral switching condi- 
tion is satisfied. Therefore, for example, it is possi- 
ble to inhibit the operation at the time of the second 
take-off after temporarily stopping from becoming 
complicated. Moreover, it is possible to avoid the 
problem that the driving force is not transmitted to 
the driving wheels on a sloping road. 

(16) The ending condition of the control of (14) 
above is defined as being, that the shift lever 37 is 
operated and the clutch 14 is disconnected. There- 
fore, the driver can return from the neutral state by 
operating the shift lever 37 while the clutch pedal 
31 is depressed. 

[0063] The invention can be embodied in other em- 
bodiments detailed hereinafter. 

[0064] In the first embodiment, a clutch characteristic 
map may be used which defines a different relationship 
from those. shown in FIGS. 3 and 4. Examples thereof 
are detailed below. 

(A) A relationship between the pedal stroke and a 
desired clutch torque. 

(B) A relationship between the degree of change (a 
speed) of the pedal stroke and the degree of change 
(a speed) of the desired stroke of the clutch actuator 
28. 

(C) A relation between a change degree (a speed) 
of a pedal stroke and a change degree of a desired 
clutch torque is defined. 

(D) A relationship between an acceleration of the 
pedal stroke and the degree of change (the speed) 
of the desired stroke of the clutch actuator 28. 

(E) A relationship between the acceleration of the 
pedal stroke and the degree of change of the de- 
sired clutch torque. 

(F) A relationship between the acceleration of the 
pedal stroke and the acceleration of the desired 



stroke of the clutch actuator 28, 
(G) A relationship between the acceleration of the 
pedal stroke and the acceleration of the desired 
clutch torque. 

5 

[0065] The respective embodiments may be changed 
to a construction in which the shaft device 36 and the 
transmission 15 are mechanically connecting. This is to 
say, without the transmission actuator 29, shifting may 
w be conducted by mechanically transmitting the opera- 
tion of the shift lever 37 by the driverto the transmission 
15. 

[0066] In the shift control routine in FIG. 11, a time 
condition may be added to the conditions for switching 
15 to neutral. For example, the determination condition in 
step S21 0 may be that the clutch 14 is disconnected af- 
ter the state of SPD <f* is maintained for a predeter- 
mined time or longer. 

[0067] An operation member other than the clutch 
20 pedal 31 may be used as the clutch operation member. 
[0068] An ECU for controlling the clutch actuator 28 
and an ECU for controlling the transmission actuator 29 
may be separately provided. 

[0069] The operation load with respect to the opera- 

25 tion amount of the clutch operation member may be vo- 
litional ly changeoVset. For example, in the case of the 
fourth embodiment, the characteristic defining the rela- 
tionship between the pedal stroke and the operation 
load (the clutch depression force) may be changed/set 

30 to a different characteristic from that of FIG. 9. 

[0070] The condition of switching the shin speed of 
the transmission 15 to neutral during control of the clutch 
actuator 28 based on the operation state of the clutch 
operation member is that the vehicle Is stopped' in the 

35 fifth embodiment, However, a possible case exists 
where this stopped state is not necessarily required, so 
long as the clutch 14 (s disconnected. Therefore, the 
condition may be that 'the vehicle speed SPD is equal 
to or less than a predetermined value.' Furthermore, in 

40 this case, It is possible to obtain the same effect as in 
the fifth embodiment, that is, reduce driver fatigue re- 
sulting from continued operation of the clutch operation 
member. 

[0071] A vehicle clutch control device comprises a 
45 clutch actuator (28), a clutch pedal (31 ), a stroke sensor 
(41). and an electronic control unit (ECU) (51). The 
stroke sensor (41 ) detects a pedal stroke, which is a de- 
pression amount of the clutch pedal (31 ) by a driver. The 
ECU (51 ) controls the clutch actuator (28) based on the 
so pedal stroke detected by the stroke sensor (41) without 
transmitting a movement of the clutch pedal (31) to the 
clutch actuator (28) via a transmission mechanism. 
Through this control, the clutch actuator (28) is actuated, 
a clutch (14) interposed between an engine (11) and a 
55 transmission (15) is connected or disconnected, and 
power transmission from the engine (11) to the trans- 
mission (15) is interrupted or resumed. [Fig. 1] 
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Claims 

1. A vehicle clutch control device characterised by 

comprising: 

a clutch actuator (28) which actuates a clutch 
(14) interposed between an onboard engine 
(11) and a transmission (15) and which inter- 
rupts and resumes power transmission from 
the engine (11) to the transmission (15); 
a clutch operation member (31 ) operated at one 
of a time of interruption and resumption of pow- 
er transmission by the clutch (14); 
operation state detection means (41 ) for detect- 
ing an operation state of the clutch operation 
member (31); and 

clutch control means (51, S110, S120, S130) 
forcontrofing the clutch actuator (28) based on 
the operation state of the clutch operation 
member (31) detected by the operation state 
detection means (41), without transmitting a 
movement of the clutch operation member (31 ) 
to the clutch actuator (28) via a transmission 
mechanism. 

2. A control device according to claim 1 , character- 
ised in that 

the operation state detection means (41) in- 
cludes a stroke sensor for detecting an operation 
amount of the clutch operation member (31 , S110, 
S120, S130), and the clutch control means (51) 
controls the clutch actuator (28) based on a detec- 
tion value of the stroke sensor. 

3. A control device according to claim 1 or 2, charac- 
terised by further comprising: 

storing means (52) for storing a clutch charac- 
teristic in which a relationship between the op- 
eration state of the clutch operation member 
(31) and a desired operation state of the clutch 
actuator (28) is defined, and further character- 
ised in that 

the clutch control means (51, S110, S120, 
S1 30) establishes the desired operation state 
according to the operation state detected by the 
operation state detection means (41) based on 
the clutch characteristic in the storing means 
(52), and controls the clutch actuator (28) in ac- 
cordance with the desired operation state. 

4. A control device according to claim 3, further char- 
acterised in that 

A plurality of kinds of dutch characteristics are 
stored in the storing means (52), and the clutch con- 
trol means (51, S110) switches the clutch charac- 
teristic used for establishing the desired operation 
state of the clutch actuator (28) in accordance with 
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a state of the vehicle. 

5. A control device according to any one of claims i 
to 4, further characterised by comprising: 

5 

second clutch control means (51 ) for controlling 
the clutch actuator (28) in an automatic clutch 
mode, which is separate to a manual clutch 
mode of controlling the clutch actuator (28) 

10 based on the operation state of the clutch op- 

eration member (31), based on a parameter 
which Is different from the operation state of the 
clutch operation member (31); and 
selection means (51 , S140) for selecting either 

15 the manual clutch mode or the aulomalic clutch 

mode and permitting control of the clutch actu- 
ator (28) by the control means (51) in the se- 
lected mode. 

20 6. A control device according to claim 5, further char- 
acterised in that 

the selection means (51, S140) selects the 
automatic clutch mode when a vehicle speed, which 
is a driving speed of the vehicle, is equal to or less 
25 than a predetermined value. 

7. A control device according to claim 5, further char- 
acterised by comprising: 

30 a selection switch (47) operated at the time of 

selecting either one of the manual clutch mode 
and the automatic clutch mode, and further 
characterised in that 

the selection means (51, S140) selects the 
35 mode instructed by the operation of the selec- 

tion switch (47) as the clutch mode for control 
of the clutch actuator (28). 

8. A control device according to claim 5, further char- 
40 acterlsed In that 

the selection means (51, S140) switches to 
the automatic clutch mode when a problem occurs 
while the manual clutch mode is selected. 

45 9. A control device according to claim 5, further char- 
acterised in that 

the selection means- (51, S140) selects the 
automatic clutch mode when the vehicle takes off. 

10. A control device according to claim 5, further char- 
acterised in that 

the selection means (51 , S140) selects either 
one of the manual clutch mode and the automatic 
clutch mode in accordance with the operation slate 
of the clutch operation member (31). 

1 1 . A control device according to any one of claims 5 
to 10, further characterised by comprising: 
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moving means (33) for moving the clutch oper- 
ation member (31) from a position during con- 
trol in the manual clutch mode to another posi- 
tion when ihe automatic clutch mode is select- 
ed by the selection means (51). s 



to the transmission (15), and a clutch operation 
member (31) operated at a one of a time of inter- 
ruption and resumption of power transmission by 
the clutch (14), characterised by comprising the 
following steps of: 



12. A control device according to any one of claims 1 
to 11 , further characterised by comprising: 

operation load setting means (32) for setting an 
operation load with respect to the operation 
amount of the clutch operation member (31). 

13. A control device according to claim 12, further char- 
acterised in ihat 

the operation load setting means (32; 48), 
when the operation amount of the clutch operation 
member (31) is in a predetermined region, differen- 
tiates a degree of change of the operation load of 
the clutch operation member (31) with respect to the 
operation amount from a degree of change in a non- 
predetermined region. 

14. A control device according to claim 13, further char- 
acterised In that 

the operation load setting means (32; 48), 
when the operation amount of the clutch operation 
member (31) is in the predetermined region which 
is set so as to be the region at the boundary of a 
region where the clutch is disengaged and a region 
where the clutch is partially engaged, increases the 
degree ol change of the operation load of ihe clutch 
operation member (3 1 ) with respect to the operation 
amount, as compared with the degree of change In 
the non-predetermined region, which is the remain- 
ing region. 

15. A control device according to any one of claims 1 
to 14, further characterised by comprising: 

shift control means for controlling the transmis- 
sion (15) and vehicle speed detection means 
(45) for detecting the vehicle speed, further 
characterised in that the shift control means 
(S240) switches a shift speed of the transmis- 
sion (15) to neutral when the vehicle speed de- 
tection means (45) detects a state of a prede- 
termined vehicle speed (p) or less which in- 
cludes a stopped state of the vehicle, during 
control of the clutch actuator (28) based on the 
operation state of the clutch operation member 
(31). 

16. A clutch control method of a vehicle equipped with 
a clutch actuator (28) which actuates a clutch (14) 
interposed between an onboard engine (11) and a 
transmission (15) and which interrupts and 
resumes power transmission from the engine (11) 



detecting an operation state of the clutch oper- 
ation member (31); and 
controlling ihe clutch actuator (28) based on the 
10 detected operation state of the clutch operation 

member (31) without transmitting a movement 
of the clutch operation member (31) to the 
clutch actuator (28) via a transmission mecha- 
nism. 

15 

17. A control method according to claim 16, further 
characterised in that 

the clutch actuator (28) is controlled based on 
an operation amount of the clutch operation mem- 
20 ber(31). 

18. A control method according to claim 16 or 17, fur- 
ther characterised by comprising the following 

steps of: 

25 

establishing a desired operation state accord- 
ing to the operation state of the clutch operation 
member (31) based on a clutch characteristic 
stored in a storing means (52), which defines a 
30 relationship between the operation state of the 

clutch operation member (31 ) and the desired 
operation state of the clutch actuator (28), and 
controlling the clutch actuator (28) in accord- 
ance with the desired operation state. 

35 

19. A control method according to claim 18, further 
characterised by comprising the following step of: 

switching the clutch characteristic used for es- 
40 tablishing the desired operation state of the 

clutch actuator (28) among a plurality of kinds 
of clutch characteristics stored in the storing 
means (52) in accordance with a state of the 
vehicle. 

45 

20. A control method according to any one of claims 1 6 
to 19, further characterised by comprising the 
steps of: 

so controlling the clutch actuator (28) in an auto- 

matic clutch mode, which is separate to a man- 
ual clutch mode of controlling the clutch actua- 
tor (28) based on the operation state of the 
clutch operation member (31), based on a pa- 
ss rameter which is different from the operation 
state of the clutch operation member (31); and 
selecting either one of the manual clutch mode 
andthe automatic clutch mode, and controlling 
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the clutch actuator (28) in the selected mode. 

21. A control method according to claim 20, further 
characterised in that 

the automatic clutch mode is selected when 
a vehicle speed is equal to or less than a predeter- 
mined value. 

22. A control method according to claim 20, further 
characterised In that 

the clutch actuator (28) is controlled in the 
mode instructed by an operation of a selection 
switch (47), this mode being one of the manual 
clutch mode and the automatic clutch mode. 

23. A control method according to claim 20, further 
characterised in that 

the mode is switched to the automatic clutch 
mode when a problem occurs while the manual 
clutch mode is selected. 

24. A control method according to claim 20, further 
characterised in that 

the automatic clutch mode is selected when 
the vehicle takes off. 

25. A control method according to claim 20, further 
characterised in that 

one of the either the manual clutch mode and 
the automatic clutch mode is selected in accord- 
ance with the operation state of the clutch operation 
member (31). 

26. A control method according to any one of claims 20 
to 25 s further characterised by comprising the fol- 
lowing step of; 

moving the clutch operation member (31 ) from 
a position at a time of control In the manual 
clutch mode to another position when the auto- 
matic clutch mode is selected. 

27. A control method according to any one of claims 1 6 
to 26, further characterised by comprising the step 
of: 

setting an operation load with respect to the op- 
eration amount of the clutch Operation member 
(31). 

28. A control method according to claim 27, further 
characterised fn that 

when the operation amount of the clutch op- 
eration member (31) is in a predetermined region, 
a degree of change of an operation load of the 
clutch operation member (31) with respect to the 
operation amount is different from a degree of 
change in a non-predetermined region. 



29. A control method according to claim 28, further 
characterised in that 

when the operation amount of the clutch op- 
eration member (31) is In the predetermined region, 

s which is set so as to be the region at the boundary 
of a region where the clutch is disengaged and a 
region where the clutch Is partially engaged, the de- 
gree of change of the operation load of the clutch 
operation member (31 ) with respectto the operation 

10 amount is larger than the degree of change in the 
non-predetermined region, which is the remaining 
region. 

30. A control method according to any one of claims 1 6 
15 to 29, further characterised by comprising the fol- 
lowing steps of: 

detecting the vehicle speed, and 

switching a shift speed of the transmission (1 5) 

20 to neutral when the detected vehicle speed is 

in a state of a predetermined vehicle speed (p) 
or less which includes a stopped state of the 
vehicle, during control of the clutch actuator 
(28) based on the operation state of the clutch 

25 operation member (31). 
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